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PURIFICATION AND BIOCHEMICAL CHARACTERIZATION OF RAT 
SKIN CATHEPSIN D 
J. E. HEIKKINEN, M.D., M. JARVINEN, M.Sc., AND C. R. JANSEN, M.D. 
Departments of Anatomy and Dermatology, University of Oulu , Oulu , Finland 
The he moglobin-hydrolyzing, acidi c prote inase activ ity of rat skin was purified by us ing 
a mmonium sulfa te precipitation, Sephadex G-100 ge l column chromatography , ac id treat-
ment, and DEAE-cellulose co lumn chromatography, giving a purification coefficien t of 182. 
The pH optimum , molecular s ize, substrate specifi c ity, as we ll as inhibi tor a nd activator 
sensitivi ty of the enzye preparation, corresponded closely to those of cathepsin D . 
The enzyme activity was separated from cathe psin Bl. The present status of t he knowledge 
of sk in cathespin s is reviewed. 
S ince they were discovered in bovine a nd rabbit 
s pleen between 1960- 1962 [1 ,2], t he in trace llular 
acidic proteinases, cathespin D a nd cathepsin E , 
have been shown to be present in various mamma-
lian tissues, including liver [3], uterus [4], muscle 
[5], leukocytes [6,7], and carti lage [8-10]. Increas-
ing biomedical atten tion has been given to these 
catheptic enzymes s ince t he demonstration of their 
cru cia l role in physiologic t issue resorption (u ter ine 
involution [4)) and infla mmatory processes (os-
teoarthritis [8,11- 13] and turpentine-induced in-
flammation [14)). Previous work on t he proteolytic 
enzyme pattern of mammalian skin has indicated 
the presence of acidi c cathepsins in human [15] 
and rat [16 ) skin. Recently , evidence for the 
presence of cathepsin D in rabbit skin has been 
presented [14,17 ]. In this report we describe the 
purification of an enzyme from rat s kin with the 
characte ristics of catheps in D and present a com-
parison of t he properties of this enzy me with those 
of cathepsins found in other mammalian tissues . 
MATERIALS AND METHODS 
Source of Enzym e 
Skin samples. Adult Long- Evans rats of both sexes 
were used . The rats were rendered unconsc ious by a 
sudden replacement of the air in their cage with nitrogen. 
Thereafter, the ra ts were immediately decapita ted and 
bled to the maximum extent. The whole trunk skin was 
shaved wi th an electri c clipper and removed. The skin 
was cleaned of subcutaneous fat , mu scle tissue, and 
fascia, dissected in to pieces measuring approximately 3 
x 3 cm. T hese pieces were minced in a meat gr inder. 
Extra ction procedure. Ten grams of the minced t issue 
were suspended in 100 ml of ice-cold 10 mM phosphate 
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buffer, pH 8, and homogeni zed for 60 sec in an ice-cooled 
Ultra -Turrax , model 1'-45, homogenizer using blade TP , 
30G. The crude homogenate was a llowed to stand at 4°C 
for 2 hI' and was subsequently centrifuged at 25,000 g for 2 
hI' in a MSE HS-18 refri gera ted centrifuge . The sediment 
and notate were discarded. The slight ly opa lescent super_ 
natant, whi ch was used for further studies, is referred to 
as the extract. 
Fractional Precipitation 
Ammonium sulfate fractionation. Solid ammoniUlll 
sulfate was added to t he extract to give a chosen 
concentration (usually 30% sa turation) and the suspen_ 
sion a llowed to stand for 30 min in an ice bath while being 
stirred by a magneti c mixer. The suspension was then 
centrif~ged at 15,000 g for 10 min a t O°C and t he 
supernatant collected and used for further salt fractiona_ 
tion (usua lly 70% saturation). The precipitate was dis_ . 
solved in a minimal volume of 10 mM phosphate buffer 
pH 8. ' 
Column Chromatography 
Gel filtrati on. Sephadex G-100 (Pharmacia, Uppsala) 
was packed in to a 5 x 90 cm colu mn. The colu mn was 
equi librated with 10 mM phosphate buffer, pH 8.0. 
Samples of 70 ml were applied to the column and elu ted 
with the phosphate buffer using a peristalic pump. The 
fl ow was kept at 60 ml/hr, and frac t ions of 10 ml were 
collected. The gel chromatographic separations, like all 
other column chroma tographic stud ies, were performed 
at 4°C. 
Anion exchange chromatography. Whatm an DE-32 
cellulose (W. & R. Balston Ltd , England) was pretreated 
according to the manufacturer's instructions and packed 
in to a 1 x 20 cm column. The colu mn was equ ilibrated 
with 10 mM phosphate buffer, pH 8.0. Samples of 16 ml 
conta ining approximately 3.5 mg of protein were applied 
to the column. The elu tion was performed with pH 
gradient, using 150 ml of 10 mM phosphate buffer, pH , 
in the mixing chamber and 150 ml of 20 mM phosphate 
buffer, pH 6.0, in the reservoir. The chambers were of 
identica l dimensions. The flow was kept at 15 ml/hr , and 
fractions of 2 m I were collected . 
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O rganom ercuria l Sepharose affinity chromatography. 
4- Aminophenyl mercuri c acetate (Aldri ch- Europe, 
Bee r se, Belgium ) was cou pled to Sepharose 4B (Phar-
m a c ia) acco rding to Barrett [18 }. A 2.6 x 10 em column 
was p ac ked with the resul t ing absorbent materia l, equili -
brated , a nd eluted according to instru ctions of Barrett 
[18 J. 
I soelectric focusing . An Ampholine isoe lectri c appara-
t u s (LKB Produkter Ab, Bromma) was used . The volume 
of t h e column was 110 ml , and a pH gradient was formed 
wi t h 1 % Ampholine, pH 3- 10. Focus ing was carried out at 
4 ° C for 40 hr a t 600 volts potentia l difference wi t h the 
an o d e at the top of the column. Fractions of 2.5 ml were 
collec ted . 
E n zym e Activity Assays 
In order to assay enzyme activity , 0. 1 ml of t he sa mple 
to be analyzed was in cubated toge ther with 0. 1 ml of 
su bstrate stock solu tion and 0. 1 ml of a suita ble buffer. 
All in cub ations were performed a t 37°C. Substrat e con-
cen t r ations and in cubation t imes were chosen to give 
li nea r assays in respec t to tim e. The actua l pH of the 
in cuba t ion mixture was measured using a pH meter 
equipped with mi croe lectrodes. 
Pro tein substrates. A 2% stock solution of bov ine 
he m oglobin (S igma Chemical Co. , Type II) was used in 
rou t ine assays. Incubation t ime was 3 hr using a 0.4 M 
lactate- ace tate buffer to give an incuba tion pH of 4.6. 
T he incubat ion was stopped by adding 0.4 ml of 10% 
trichloroacetic acid to the reaction mixture. Afte r cent ri f-
ugatio n at 5,000 g for 10 min, soluble pepti des were 
assayed using the method of Folin and Cioca lteau [19J. 
To 0.4 ml of the superna tant 2 ml of 0.1 M Na OH 
con ta ining 20 gm/ L of Na,C O, was added . Fina lly, 0.2 ml 
of F o lin - Ciocalteau reagent (M erck AG, Darmstad t ) 
d iluted 1:2 with water was added with rapid mixing. 
After 3 0 min , t he opti ca l density a t 750 nm was measured 
with a spec trophotometer. A stand ard curve was pre-
pared from tyrosine under identica l condi t ion. S imila rly, 
stock solu tions conta ining 2% hea t-dena tured bovine 
alb umin (S igma Chemi cal Co.) and 2% hea t-dena tured 
casein (Merck AG) were used when required [20} . 
Naphthy lam,:de su bstra tes. a-N -Benzoyl-DL-a rgi-
ni ne-2-naph thylamide (BANA), obta ined from S igma 
Chemi ca l Co., was used in assays of cathepsin B1. A 
stock solu tion of 5 mM was obta ined by d issolving the 
~ubstrate in 1 part of methanol and then adding 4 parts of 
distill e d water. The in cubation t ime was 2 hr, a t pH 5.8, 
using t he universa l buffer of Bri tton and Robinson [21J , 
to whi ch 0.6 mM of di t hiothreitol (DTI'), 3 mM of 
ethyle n edi aminotetra-ace ti c ac id disodium sa lt (EDTA) , 
and 3 roM of potass ium cyanide (KCN) had been added . 
T he in c ubation was stopped by the addi t ion of 0.4 ml of a 
solutio n conta ining 5 mg/ml 4-dimethylaminobenza lde-
hyde (Ehrlich's reagent) in equal pa rts of methanol and 
1 M acetate- HCI bufTer, pH 1.4 . Afte r 30 min , the 
absor bance a t 450 nm was measured wi th a spectropho-
tometer. A stand ard curve was prepared under identica l 
condi t ions from solu tions of 2-napht hylamine (Sigma . 
Chem ica l Co.). Stock solutions of 5 mM L-leucine-2-naph-
, thyla mine (Leu-N A) and L- arginine-2-naphth yla mide 
(Arg-N A), both obta ined from S igma Chemica l Co. , were 
prepared and used in a simila r way. 
Ester substrates. L, -N-Benzoyl-L-arginine ethyl ester 
(BAEE ), N -ace tyl-L-tyrosine ethyl ester (ATEE), L-tyro-
sine ethyl ester (TEE), and I.-arginine methyl ester 
(Arg-M E ) were a ll obta ined from Sigma Chemica l Co. 
Ten- millimolar stock solu tions of these substrate!> were 
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prepared wi th distilled water immediate ly prior to use. 
Incubations last ed 1 hr, at pH 5.8, us ing th e Britton-
Robinson buffer . The extent of hydrolysis was estimated 
by t he method of Hestrin (22 ]. 
Other substra tes. a-N-Benzoyl-L-arginin e-p -nitroani-
lide (BAPA ), was obta ined from Fluka AG, Switzerland . 
A I -mM stock solu tion was prepared by dissolving t he 
substrate in 20% methanol. The incubation lasted 1 hr, at 
pH 5.8, using the Bri t ton- Robinson buffer, after which 
proteins were prec ipitated by the addition of 0. 3 ml of a 
10% solut ion of zinc sulfate. Following centrifugation , the 
optica l density of the supernatant was read a t 383 nm. 
Other A ssay M ethods 
Protein determinations . The method of Lowry et al 
[23 ] was used to measure the prote in concentration. 
Bovine serum albumin (Sigma Chemica l Co.) was used 
as a reference prote in. 
M olecular size determina tion. A 1.6 x 30 cm column 
packed with Sephadex G-I OO was used, and 10 mM 
phospha te buffer, pH 8.0, conta ining 100 mM of NaC I was 
used for elution. The column was calibrated according to 
the specifications of Andrews [24} using 0.1 mg/ml Blue 
Dextran (Pharm acia ), 1 mg/ml of bovine serum albumin, 
1 mg/ml of ova lbumin , 0.1 mg/ ml of soybean t rypsin 
inhibitor (SBT!) , and 1 mg/ml of cytochrome C (Sigma 
Chemical Co.). Blue Dextran was assayed by absorbance 
at 625 nm ; albumin, ova lbumin , and cytochrome C by 
absorbance at 280 nm . SBT! was assayed by measuring 
the inhibi tory effect on t he trypsin hydrolase activity 
[25 }. 
RE~ULTS 
Preliminary Experimen ts 
A series of pre limin ary experim en ts was per-
formed to ascer tain a n optimal ex t rac ti on proce-
dure fo r the hemog lo bino lytic act ivi ty of the ho-
m ogenate a nd to e lu c id a te possible techniques fo r 
its separation from inac tive proteins as well as 
o ther en zym e groups, especia lly t he BA N A-hydro-
Iyz in g a ctiv ity of cathep in Bl. 
The effect of salt con cen tra tion on t he ex t rac ta -
bili ty of he m oglo binolytic en zym e activi ty was 
a n a lyzed by compa ring t he ex t raction m a d e wit h 
ordin a ry buffer wi t h o ther bu ffers conta ining e it her 
2 or 8% potass i u m ch lorid e . The resu I ts a re pre-
sented in Figure l. Addition of K C I was fo und to 
en chance t he extrac ti on to so m e ex ten t bu t · t he 
majori ty of t he en zym e act ivi ty was obta ined by 
ex t raction in to ordin a ry buffe r, a nd t hi s was found 
suitable fo r t he subsequent s tudies. 
The effect of pH denaturation was studied by 
adjusting t he pH of t he extract wi t h e it her 0. 1 M 
H C I or 0.1 M a OH. Afte r a lO-min pre in cuba ti on , 
a t 37°C, t he pHs were return ed to n eu t ra li ty a nd 
the h e m oglobin - a nd BAN A-hydrolyz ing activ it ies 
were m easured. The results s hown in Figure 2A 
indicate t hat t he he m oglobin-hydrolase ac tivi ty is 
more s ll sce p t ible to d en a tura tion t h a n t he BAN A-
hydrolyz in g activi ty whi ch seems to be activa ted 
by a c id treatmen t. 
The effect of heat denaturation was studi ed b y 
immers ing s m a ll sa mples of t he extract in a water 
bath at 40- 50°C. This t reatm en t was terminated 
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by immersing t he sample into ice water after 
differen t periods of in cubations. As shown in 
F igure 28, t he hemoglobinolyti c activi ty seem ed to 
be m ore heat la bile t han the BAN A-hydrolase 
activity . 
The effect of ammonium sulfa.te precipitation 
was studied by addin g solid (NH.)2S0. to the 
ext ract in an ice bath. The precipi tate was re-
m oved by cen trifugation and resuspended in phos-
phate buffer to t he origina l vo lume of the ext ract. 
T he distri b u t ion of hemoglobin-hydrolase a nd BA-
NA- hydrolase activ it ies in the differen t fractions is 
shown in Figure 2C. The majori ty of t he BAN A-
hydrolase activity is found in t he prec ipitates 
between 50 and 80% satura tion of a mmonium 
sulfate, while the ma in pa r t of the hem oglobin -
hydrolase activi ty was recovered in the 30 to 70% 
precipi tates. The total af9oun tofBA N A-hydrolase 
activity in t he a mmoni lJ1n sul fate precipi tates was 
higher t han t he tota l activi ty of t he ext ract. A 
possible explanation of t hi s increase in t he activi ty 
is separation of some inhibi tor from BAN A hydro-
lase during the a mmonium sulfate prec ipi tation . 
Enzym e Purification 
A mmonium sulfate precipitation and dialysis . 
Wi t h reference to t he preliminary resul ts of t he 
effects of a mmonium sulfate precip itation , t he 30 
to 70% prec ipi tate was se lected as the star t ing 
m ateri a l. Prec ipi ta'te was disso lved in 70 ml of 10 
mM phosphate buffer, pH 8.0. As seen in T ab le I , 
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F IG. 2. T he effect of pH denaturation (A), heat 
denaturation (B), and fractiona l sa lt prec ipi tation (e) on 
the hemoglobin -hydrolase a nd BAN A- hydrolase enzym e 
act ivit ies. 
TABLE J. Schem e for purification of rat si?in cathepsin D 
-
T ot a l prote in T ota l enzyme Specifi c Yield Purifi cat ion ml (mg) uni ts act ivity (%) coeffic ient (u/mg) 
St.art ing extract 440 836 2552 3.05 100 1 
Dialyzed a mmonium sulfate prec ipi ta te 68 273 707 2.59 27 .7 0.8 
G-lOO pool A 200 44 960 21.82 37.8 7.1 
Ac id-treated G-lOO pool A 16" 2.4 (30)" 54.4 (680) 22.67 (26.6) 7.4 
DEAE- cellulose pool 8 0.04 (0.5) 22.4 (280) 560.0 (11 ) 182 
a From t he pool of 200 ml , a port ion of 16 ml was subjected to the ac id t reatment. 
"T he numbers in parent heses in dicate t he calcul ated values fo r t he tota l 200- ml sa mple. 
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t his step was assoc iated not only with a loss of 
in active prote in , but a lso of enzyme activ ity. 
evert heless, t hi s step is of va lue, beca u e t he 
en zyme preparation is concentrated a nd thu more 
s u ita ble for subsequen t ge l chromatogra phy. In 
a ddi t ion, as noted earli er , pa rt ia l se pa ration from 
t h e BAN A-hydrolase activity is achieved . 
GeL filtra tion. The resul ts of chromatogra phy of 
t h e di a lyzed 30 to 70% a mmonium sulfate -
p r ecipi tated extract by Sephadex G- lOO ge l co l-
umn fil t ra ti on are shown in Figure 3. Both hemo-
glo bin -hydrolase and BANA-hydrolase activit ie 
we r e e lu ted as two peaks , one peak of each coincid-
in g wi th t he bulk of prote in elu ted in t he earl ie r 
fr actions, and the second peak of both enzyme 
activ it ies elu ti ng later . The later fr actions con ta in -
ing hemog lobin-hydro lase act ivity (fraction s 
68-86) were co ll ect.ed , and are referred to as poo l A. 
As seen from Ta ble I, t his step in t he puri ficat ion 
elimina ted from the prepara tion a considera ble 
a m o unt of inert protein without loss of enzyme 
activ ity. In fact, poo l A exhibi ts an appa ren t 
in c r ease in enzyme uni ts in compari son with t he 
en zyme conten t of the materi a l ap plied to t he ge l 
fi lt r ation column . This may result from the re-
mova l of an inhibi tor . 
A cid treatment and DEAE- cellulose column 
chr o m atography . T he chromatogra phy of poo l A on 
a D E AE- ce llulose co lumn is shown in Figure 4 
(top ) . A peak of hemoglobin-hydrolase activity was 
eluted together wi th a peak of BAN A-hydrolase 
activ ity. Another, sma ller BAN A-hydrolase peak 
wa s e luted in the earli er fra ctions of the chroma to-
gram , together with the ma in peak of inert pro-
tein s . Al though acid trea tmen t of the crude ho-
mogen ate supernatan t had been shown in t he 
pr e limina ry experiments to be of li ttle va lue in the 
separation of t he hemoglobin-hydrolase and 
BAN A-hydrolase enzyme activ it ies, it was in-
cidentally noticed t hat moderate acid and heat 
treatment favorably influenced the chromato-
graphic sepa ration of the enzyme activit ies . Figure 
4 (bo ttom) depicts the DEAE-cellulose chromato-
gram of a sample of pool A which had been sub-
jec t ed to pH 4, at 55°C, for 20 min before a pplica-
tion t o the column. The hemoglobin-hydrolase ac-
~! ~ .- Hemoglobin E o-<l BANA e;, c 
'E 0.8 S 
:::6 
0 c 
E .2 
S 1.5 ~ 
?: L. C. 
~ '" u 0.4 1.0 c u 0 
'" 
u 
'" 2 0.5 . ~ E 
>- '0 N 
c a: w 
60 80 
Fraction number 
F IG . 3. Resul ts of Sephadex G-lOO column chromatog-
raphy of the 30 to 70% ammonium sulfate precipi tate. 
The so lid line indicates the protein concentration. 
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tivity in fractions 70-80 seemed to be unaffected 
by the ac id t reatment, whereas t he BANA-hydro-
lase activ ity in t he same fractions was cons ider-
ably reduced. On the other hand, the act ivity of 
the BAN A-hydrolase in t he chromatogra phic 
fractions 10- 20 was increased. The same fractions 
also contained a small amount of hemoglob inolytic 
activi ty. The fractions 70- 80 were pooled and used 
in the investigat ions of physical and enzymatic 
characteristics of t he enzyme. As shown in Table I, 
this enzyme preparat ion contained 11% of the 
initia l hemoglobin-hydrolase activity. The puri fi-
cation coefficient of the final enzyme preparation 
was 182. 
Organom ercurial-Sepharose affinity chromatog-
raphy. An attempt was made to separate t he 
hemoglobin- and BAN A-hydrolyz ing enzymes by 
subjecting pool A to chroma tography on an 0 1' -
ganomercuria l- Sepharose column, which was ex-
pected to reta in the la t ter enzyme. However , both 
enzymes seemed to be a bsorbed in to t he column 
after elu t ion wi th the equi librating buffer. E lu tion 
wi th a buffer solu t ion conta ining 10 mM cyste ine 
detached both BANA- and hemoglobin-hydrolyz-
ing enzymes in to identi cal fr actions . 
Characterization of the Hemoglobin-Hydrolyzing 
Enzyme 
In t hese studies t he pooled extract (fractions 
70-80) from the DE AE- ce llulose chromatograp hy 
was used . 
Isoenzym es . In isoe lectri c focusing, t he ma in 
peak of hemoglobinolytic activity was focused at 
pH 6. 2 and a sma ller one at pH 4.0. Four peaks of 
BANA-hydrolase activity were separated a t pH 
7.5, 6.2, 5.4, and 4.5. The separation of t he 
hemoglobin-hydrola e and BA lA-hydrolase activ-
it ies was incomplete, due to t he overla pping of 
t hese activ ity peaks. 
M olecular size of t he hemoglobin hydrolase was 
36;000 when estimated by t he ge l infil tra tion 
method. 
S ta bility . T he hemoglobin-hydrolase activi ty 
was stable for at least 1 year, when stored frozen at 
- 40°C. At room temperature, the enzyme ·was 
~ ! ~ 
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FIG. 4. DEAE- ce llulose column chromatography of 
pooled fractions of the ge l chromatographic run . Top: No 
pretreatment. Bottom: Pretrea tmen t of the pooled en-
zyme preparation at pH 4 and 55°C for 20 min. The 
dotted line indicates the pH gradient. 
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stable for only a couple of days . The sta bility 
improved considerably if a small amount (1 gm/L) 
of either hemoglobin or a lbumin was added. 
S ubstrate sp ecifi city. The enzyme hydrol yzed 
hemoglobin preferentially, but also hydrolyzed 
case in and a lbumin to some extent. Of t he syn-
thetic substrates for trypsin- like enzymes tested 
(BANA, BAPA, and BAEE) , only BANA was 
hydrolyzed. Neither of the synthetic substrates for 
chymotrypsin , i.e., ATEE and TEE, was hydro-
lyzed by the enzyme preparation , nor were any of 
the a monopeptidase substrates, e.g., Arg-N A and 
Leu-NA. These results are compiled in Tabl e II 
together with corresponding data on cathepsin D 
from other organs. 
pH optima. pH optima for the hydrolysis of 
hemoglob in and case in are presented in Figure 5. 
The two pH opt im a, i. e., pH 3.2 and 4.7 seen in 
ex perimen ts with the hom ogenate supernatant 
(Fig. 1) , are a lso discernibl e with the purified 
enzyme preparation (Fig. 5). The pH optimum for 
the hydrolysis of casein was found to be 6.2; 
BANA activity was too low for accurate measure-
men ts but its optimum seemed to approx imate 
pH 6. 
Effec t of activator and inhibitor substan ces. The 
hemoglobinolytic enzyme activity was very insen-
sitive to various inhibitors and activators. Thiol 
activating compounds, like dithiotreito l (DTT) 
and K CN, had no'effect at concentrations of 1 mM. 
TABLE II . Comparison of rat skin cath epsin D with 
cathepsin D from other mammalian tissues 
Skin Other organs 
Molec ular weight 36,000 35,000- 58,000 
pH opti mum 3.2 a nd 4.7 2.8- 4.5 
Hydrolys is of: 
proteins Hb > Cas Hb > Cas 
synthetic chy mot ryps in None None 
s ubstrates 
synthetic t rypsin sub - Minima l Minimal 
st rates 
Number of isoenzymes 2 1- 10 
Effect of: 
heavy metals None None 
organophosphorous com- None None 
pounds 
plant protease in hibitors None None 
sulfhydryl blockin g None None 
agents 
metal chelating agents None Non e 
sulfhydryl bond cleaving None None to 
agents marked" 
freez ing None None to 
ma rked" 
pepstatin Not tested Marked 
a Species and organ differences 
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FIG. 5. pH optim.a for the hydrolysis of hemoglobin and 
case ll1 by the pUrIfled enzyme preparation . 
Thiol blocking agents, like 4-chloromercuribenzo-
ate, iodoacetic acid, N-ethylm aleim ide, heavy 
metal s (Mn, Co, Ca, M~, Hg, Zn , Cu , Cd) , and 
organop~osphOl:ou s II1h lbl t?rS were not inhibitory. 
None of the t issue protemase inhibitors tested 
(SBTI, LBTI, ovomucoid , Trasylol) inhibited 
hem oglob in hydrolys is. Pepstatin , a powerful in-
hibi tor of cathepsin D [26 ] was not ava ilab le. 
DlSCUSSION 
Severa l classes of cathepsi ns, i. e., lysosoma l 
acidi c proteo lytic enzymes, have been detected in 
various ma mmalian organs [27). In Table III the 
main features of these cathepsins a re given to-
gether with the present knowledge of t heir presence 
in ma mmalian skin. While these enzymes have 
been thorough ly purified and characteri zed in 
several pa renchymatous t issues, their presence in 
skin remains incomplete ly documented . The pres-
ence of cathepsin D in mamm alian kin has been 
? emons.trated in rat skin by ge l filtration [16] and 
111 rabbit skm by llnm.~nochemica l methods [17), 
but no preparative pUrifi catIOn has previously been 
reported . 
For the purificat ion of cathepsin D from various 
parenchymatous organs, simple batch procedures 
like acetone precipitation [3] and dioxane treat-
men t [28) have been used with success . The 
app li ca tion of these methods for the purification of 
rat skin catheps in D, however , fai led to be of 
significant value (unpub lished data). Instead, am-
monium sulfate precipitation was used in order to 
concentrate the enzyme sample. For further purifi-
cation of the enzyme, gel filtration followed by 
acid treatment and column chromatography on 
DEAE-cellul ose, was found to result in a reason-
able purification coefficient, as well as in an almost 
total separation from the BANA-hydrolyz in O" en-
zyme, i.e. , cathepsin B1 (Jarvinen and H~psu ­
Havu, unpublished data). The di sappoin tinO" re-
sult obtained by us with organomercurial- Se-
ph arose affinity chroma tography contrasted wi th 
that obtained by Barrett [18] who achieved wi th 
this method a good separation of human liver 
cathepsin D from ca thepsin Bl. While t he hum an 
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T ABLE Ill. Presence of cathepsins in mam malian s/?in 
! I Prote in Preferred Approx imate En zyme synth et ic hyd rolys is 
subst rate pH optimum 
Cath eps in A - Cbz -Glu-Phe 5- 6 
Cath eps in B1 + BAA, BANA 5.5- 6 
Cath eps in B2 + BAA 5.5 
Cath eps in C - Gly-Arg- NA 5.5 
Cath eps in 0 +++ None 3.2-5 .7 
Cath eps in E +++ None 3 
C bz-G l u-Phe = ca rbobenzoxy-glu ta myl-ph enyla nin e 
B AA = benzoyla rginin e amide 
B ANA = a -N-benzoyl-D L-a rginin e-2-na phthyla mide 
G ly- Arg-NA = glycyl-a rginin e na ph t hyla mide 
liver ca thepsin 0 did not remain on the orga nomer-
curia l-Sepharose co lumn , t he rat skin ca thepsin D 
d id remain on t he column and was elu ted by a 
cysteine- containing buffer together wi th t he BA-
A - hydrolyz ing activity . This result suggests t he 
presence of free t hiol radi ca ls in t he molecule offa t 
skin cathepsin D. 
The molecular s ize. pH optima, substrate speci-
ficity, and affector sensit ivi ty of the purified rat 
skin enzyme conform with the propert ies of cathep-
sin D purified from other sources [1 - 6] (Tab. II). 
Cons idering t hat the molecula r weight of ra t skin 
cath e psin D was found to be 36,000 and that of ra t 
skin ca thepsin B1 has been shown to be 27,000 
(Jarvinen and Hopsu-Havu , unpub lished data), 
it is interesting that in the gel chromatographic 
separa tion , t he major pa rt of the latter was elu ted 
from the column prior to t he former one . This could 
be due to the complexing of cathepsin Bl with en-
dogenous inhibitor(s ). Actua lly, t wo inhibi tor of 
cathepsin Bl with molecular weights of 74,000 and 
13,000 have recen tly been shown to be present in 
rat s kin (Jarvinen and Hopsu-Havu, unpubli shed 
data) . The enhancing effect of acid treatmen t on 
the activity of cathepsin Bl might a lso be ex-
plai n ed by an autoly ti c degrada tion or di ssoc iation 
of ca t hepsin Bl from an inhibi tor. 
Addendum 
Afte r prepa rat ion or t he manuscrip t, a publica-
tion has appea red describing t he use of hemo-
glo bin- agarose res in and 1 M NaCI for t he purifi -
cation of ca thepsin 0 from bov ine spleen and 
thy mus (Smith R, Turk V: Eur J Biochem 48 : 
245-254, 1974). Preliminary experiments in our 
la boratory indi ca te that t hi s method is a lso useful 
for t h e purifi cation of rat skin cathepsin D. 
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